Abstract. Do foreign controlled firms exhibit a different environmental performance from domestically controlled ones for 'developed countries'? The aim of this paper is to examine whether foreign firms are more environmentally sustainable than their domestic counterparts, i.e., the Pollution Halo Hypothesis generally analysed in developing countries. By using firm-level panel data over the time period [2002][2003][2004][2005][2006], this study explores the differences in environmental performance -measured by air and water pollution emissions-of Italian dirty-firms with different types of ownership: Foreign multinational enterprises (FMNEs), National multinational enterprises (NMNEs) and Domestic enterprises (DOMESTICs). Econometric results show that foreign ownership does not influence air and water pollution emissions, suggesting the lack of evidence of a Pollution Halo Hypothesis in developed countries.
Introduction
Over the last twenty years, on an international scale, various agreements have been introduced for the protection of the environment, especially in industrialised countries. The commitment to these agreements led to the adoption of increasingly strict environmental regulation that has resulted in an increase of environmental constraints. A major concern arising from the adoption of more stringent environmental regulation relates to the international competitiveness of domestic firms. In fact, the firms that hold a comparative advantage in production with a high environmental impact may be affected by the high costs incurred in order to comply with the more stringent environmental standards. The environmental constraints are, therefore, considered a source of comparative disadvantages for the pollution-intensive goods. It follows that firms having comparative advantages in goods with a high environmental impact may find it convenient to shift production to countries with more lax (or absent) environmental regulation, damaging the environmental quality in the host countries.
The hypothesis that explains the effects of international trade on environmental regulation and the choice of production location is known as the Pollution Haven Hypothesis (PHH). Part of the literature that has analysed the PHH has been developed since the 1990s and can be classified in two streams
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132 of investigation. A first group of studies estimated the effects of environmental protection on the reduction of comparative advantage in goods with high environmental impact (Swann et al. 1996; Van Beers and Van den Bergh 1997; Xu 2000a, b; Harris et al. 2002; Taylor 2003, 2004; Ederington and Minier 2003; Michida and Nishikimi 2007; Levinson and Taylor 2008) . A second group of studies analysed the increase of foreign direct investment (FDI) determined by the choice of locating the production of more polluting goods in countries where environmental regulation is lax or absent (List and Co 2000; Neumayer 2001; Smarzynska and Wei 2001; Xing and Kolstad 2002; Keller and Levinson 2002; Fredriksson et al. 2003; Ljungwall and Linde-Rahr 2005; Hanna 2010; Petrović-Randjelović 2007) .
There is, however, a contrary view, the Pollution Halo Hypothesis (PHalH), based on the assumption that FDI are vehicles of technology transfer from developed to developing countries and that the foreign-owned enterprises, being characterised by medium to large size, higher scientific and technological knowledge and implementing environmentally sustainable practices, are less polluting than domestic firms. Therefore, a progressively more stringent environmental law does not discourage foreign investments in countries with high environmental costs and, moreover, the presence of FDI causes a positive effect on the environmental quality in the host country (Zarsky 1999; Eskeland and Harrison 2003; Cole et al. 2008 ).
The PHalH is justified by the fact that the multinational enterprises generally use cleaner technologies and have more sophisticated environmental management systems compared to the national environmental regulation. These companies, which usually hold large market shares in the home countries, tend to adopt the same technologies in affiliated enterprises in order to meet the demand of consumers who are more sensitive toward the environment. This hypothesis is confirmed by some statistics from Italy. In fact, in the last twenty years, there has been an inflow of foreign investment in Italy, mainly coming from other developed countries such as the United States and other Western European countries. Considering the period 1990-2007, the number of Italian manufacturing firms with foreign participation has increased by 4.2 per cent for investments in subsidiaries and by 4.3 per cent for total participation (ICE-Reprint 2008). During the same period, the pollutants discharged into the air and water decreased. Emissions of sulphur oxides (SO X ) and carbon monoxide (CO) were decreased respectively by 81 and 71 per cent, nitrogen oxides (NOx), non-methane organic compounds (NMVOC) and ammonia (NH 3 ) were respectively decreased by 4.38 and 10 per cent. An improvement in quality has been observed even regarding water: in 2007, 48 per cent of monitored sites were in excellent and good ecological states (IS-PRA 2008) .
The aim of this paper is to investigate whether the reduction of pollution occurring in Italy in recent years is due not only to more efficient and effective environmental regulation with respect to several international agreements to which this country has joined but also to expansion in the presence of 'cleaner' foreign firms. The present work differs from the previous literature in two innovative aspects. The first concerns the features of the country. Previous studies have analysed the impact of foreign presence on environmental quality in a 'developed country'. The second is related to the adoption of direct environmental performance measures at firm-level 1 , such as emissions in the water and in the air. This paper is organised as follows. After the second part provides a brief review of the theoretical and empirical literature on the relationship between FDI and environment, the third section reports a descriptive analysis of Italian polluting firms. The econometric model will be the presented in the fourth part. The final section draws conclusions and policy implications.
Brief review of the theory and empirical literature
Much of the theoretical literature on the relationship between FDI and environmental sustainability adopts an approach based on the analysis of strategic behaviour of governments in the implementation of environmental policies in the presence of FDI (Markusen et al. 1993; Rauscher 1995; Co et al. 2002; Ulph and Valentini 2002; Greaker 2003; Kayalica and Lahiri 2005; Dijstra 2006; De Santis and Stähler 2009 ). The theoretical literature exploring the influence of FDI and firm-level characteristics on the level of pollution is limited. Two works are relevant: Dasgupta et al. (2000) and Wang and Jin (2007) . The first (Dasgupta et al. 2000) shows that the equilibrium level of pollution is determined by the intersection between the expected marginal penalty schedule-depending on variables such as emissions, environmental regulation, pressure from the local community, type of ownership and trade relations-and the plant's marginal abatement cost curve including the plant size, the firm size, the process technology vintage, the human resources, and the quality of environmental management as possible determinants. The second work (Wang and Jin 2007) identifies the optimal level of waste by solving an optimisation problem where the firms with different types of ownership (private including foreign participation, state and cooperative) may receive different penalties even with the same pollution discharge.
From the empirical point of view, the topic about FDI and the environmental sustainability is analysed through the effects of environmental regulation on capital movements and the relationship between environmental performance and multinational enterprises. More precisely, the empirical analysis focusses mainly on the role played by environmental regulation in the choice of location of FDI to explain the increased migration of dirty industries to the developing countries (List and Co 2000; Smarzynska and Wei 2001; Xing and Kolstad 2001; Keller and Levinson 2002; Eskeland and Harrison 2003; Waldkirch and Gophinat 2008; Wagner and Timmins 2009; MacDermott 2009) . The PHH has been tested concerning the impact of national environmental regulation on FDI flows to one or more host countries, at the aggregate and sectoral level (Xing and Kolstad 2002; Eskeland and Harrison 2003; Hanna 2010; Kirkpatrick and Shimamoto 2008; Dam and Scholtens 2008; Ben Kheder and Zugravu 2008; Elliott and Shimamoto 2008; Wagner and Timmins 2009; MacDermott 2009) , and on FDI inflows (List and Co 2000; Keller and Levinson 2002; Millimet and List 2004; Waldkirch and Gopinath 2008) 2 .
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This group of works also examines the regional distribution of inflow FDI into a particular country of destination ( The empirical evidence on the relationship between the environment and multinational firms is limited, and the results are controversial (Pargal and Wheeler 1996; Hartman et al. 1997; Blackman and Wu 1999; Eskeland and Harrison 2003; Gallagher 2004; Wang and Jin 2007; Cole et al. 2008; Koop and Tool 2008) . In this regard, a first group of work has verified the validity of PHalH and has identified the positive influence of some factors on the level of pollutant emissions, such as the medium-large scale, the high level of scientific knowledge and technology, and the greater sensitivity for environmental protection (i.e., all those characteristics of multinational firms of the DCs) . Blackman and Wu (1999) can be considered the first work in support of PHalH. The authors show that foreign investments in power generation in China have increased energy efficiency and reduced emission levels. Subsequently, Eskeland and Harrison (2003) find that the presence of foreign firms located in four developing countries 3 is positively associated with lower levels of pollution and energy consumption. This framework is also explored by Gallagher (2004) , who analyses the emissions resulting from the combustion of energy and by-products during the production process of the manufacturing industry by comparing Mexican firms with corresponding firms in the U.S. in 1984 and 1998. The results find that, on average, the environmental impact of industrial activity in Mexico is much higher than that produced by the U.S.
One last work supporting the positive relationship between environmental performance and foreign ownership is Cole et al. (2008) , which shows how some variables such as the firm size, the use of cleaner technologies, productivity, factor intensity and exports produce positive effects on energy consumption for manufacturing enterprises in Ghana. In contrast, a second group of works did not find empirical evidence of a relationship between environmental performance and foreign ownership. Pargal and Wheeler (1996) analyse the manufacturing industry in Indonesia over the period [1989] [1990] and estimate the relationship between the biological oxygen demand (BOD) and some economic variables such as the economic sector, the output, the factors of production, the age, the efficiency, and the ownership. By classifying firms according to their type of owner-ship in state, private and multinational companies 4 , the authors show that foreign participation does not have a significant effect on the intensity of pollution. Conversely, public ownership appears to be strongly associated with high environmental impact products. Conflicting results have also been achieved by Hartman et al. (1997) , who analyse the relationship between the abatement costs and some characteristics of plants such as technology, age, ownership (state, private and multinational), the quality of management and human resources available, relating to 26 companies in four different Asian countries (Bangladesh, India, Indonesia and Thailand) operating in the manufacture of pulp, paper and paper products for 1992. The authors demonstrate that the least environmental impact is positively associated with size and competitiveness and negatively influenced by public ownership; conversely, multinationality, financial activity and the willingness to export do not result in significant effects. The recent work of Koop and Tool (2008) finds a negative relationship between foreign presence and environmental quality. The authors attempt to determine the presence of substantial differences between the firms related to FDI country origins (developing or developed countries). The analysis, in contrast with the previous works about the manufacturing sector, refers to the mining industry and, specifically, to the gold mines (419 observed in the period 1996-2005). Their 4 Foreign ownership is measured by the authors through the share of capital owned by the foreign firm, while the share of capital owned by regional and national governments is the state-owned. analysis also focusses on the level of pollution of the old mines controlled by foreign companies, in comparison with their national correspondents. Through the method of Bayesian stochastic frontier, the authors analyse the multiple nature of the output from gold production and the fact that the mines produce huge amounts of waste pollutants.
Some of the main features of the mentioned empirical works (as Pargal and Wheeler 1996; Hartman et al. 1997; Blackman and Wu 1999; Dasgupta et al. 2000; Eskeland and Harrison 2003; Gallagher 2004; Wang and Jin 2007; Koop and Tool 2008; Cole et al. 2008 ) are shown in Table 1 . Following the main literature and its limit related to the host countries type (the PHalH is analysed in developing countries) the present work is to assess the existence of a positive relationship between foreign multinationality and emissions of pollutants, relative to firms located in a developed country. In addition, since most of the previous works have used indirect measures of environmental performance (such as energy consumption or energy efficiency, the use of fuel, pollution abatement costs or the amount of waste), this work is based on a direct measure of the amount of pollutants released into the environment (twenty-nine substances emitted into the water and forty into the air). This is possible due to the availability of data at the firm level. The description of the sample under analysis and the econometric model are given in the Table 1. 1977-1987 1984-1990 1983-1988 1985-1990 
The econometric analysis
In order to analyse the impact of foreign presence in Italian firms on environmental performance, we use a variant of the model proposed by Cole et al. (2008) that environmental quality is a function of foreign ownership and other control variables including firm size, capital intensity, age, total factor productivity and production inputs:
In (1), E is the proxy of environmental performance, i.e., the emission of pollutants in water and air; OWNERSHIP means being multinational or not; X is a vector of additional control variables; δ is the time dummy; μ is the dummy 'industry' for industry j; and ε is the usual error term. All variables are in logarithm form and are specified in the following way:
E is a direct measure of environmental quality that is the total emissions of the pollutants in the water and in the air. Emissions are expressed in kg/year. For the calculation of the environmental variable, were added emissions of the pollutants listed in Annex I to DM 23/11/2001, by firm, year and environmental sector. Since we expected a different threshold value for each type of pollutant, emissions have been weighted to the "weight" that each substance has on pollution data from the complement to one of the composition ratio between the threshold value pollutant i-th and the sum of the threshold value of all pollutants.
OWNERSHIP is a qualitative variable that reflects the proprietary nature of the enterprise. To this end, the following dummies are introduced depending on the specifications of the model: FMNE = 1 if the firm is foreign-owned, 0 otherwise. DOMESTIC = 1 if the firm is a multinational, 0 otherwise. NMNE Italian = 1 if the firm has holdings abroad.
The foreign presence is used as a proxy for the degree of access to technology. Since the occurrence of the phenomenon of pollution halo implies that foreigninvested enterprises are less polluting than domestic firms, we expect a negative sign for the FMNE (Pargal and Wheeler 1996; Cole et al. 2008) ;
AGE: the variable indicating the age of the firm has been used as a proxy for technological innovation. The expected relationship is positive, since the companies most 'young people' might be using have the most modern technologies and are cleaner than the 'older' companies in which the emissions would increase with advancing age (Hartman et al. 1997) although most of the empirical studies have found that the age of the firm does not produce any effect on the environment (Pargal and Wheeler 1996; Eskeland and Harrison 2003; Cole et al. 2008) 5 .
SIZE: indicates the size of the firm measured by the total number of employees (Hartman et al. 1997) . The underlying assumption is that the larger com-panies have a number of potential advantages compared to smaller firms with regard to the introduction of environmental management systems, and as a result would be cleaner than small firms (Cole et al. 2006) . The relationship with the emissions is expected to be negative (Cole et al. 2008) . KW: measures the intensity of physical capital per worker and is calculated by dividing the stock of physical capital by the number of employees. The expected relationship is positive, because the capital-intensive production processes are typically more dirty, with the result that emissions tend to increase for the more capitalintensive establishment (Copeland and Taylor 2003; Cole and Elliott 2003) .
IMM: indicates the amount of tangible assets. The expected negative sign is based on the assumption that firms with more assets are also those most skilled at introducing cleaner technologies and those most likely to adopt environmental management tools in order to meet the obligations imposed by regulation (Cole et al. 2006; Cole et al. 2008 ).
All estimates are made to include sector and time dummies. We also included dummies for the geographical area through which the country is divided into four main areas: North-West, North-East, Central and South. All economic variables included in the database are expressed in thousands of Euros and were deflated through the price index provided by ISTAT (Italian Institute of Statistics Tables 2 and 3 provide a summary of the characteristics of the variables used in the model together with the test of equality of means for the three types of firms 7 . The results of t-tests performed on three groups of firms show that multinational companies, both foreign and domestic, on average emit more pollutants, both in water and in the air, compared to the national non-multinational firms. With regard to economic variables, the tests show that the multinationals are older and larger (in terms of employees) than domestic firms or nonmultinationals. In addition, the foreign-owned firms are, on average, less polluting, younger, smaller but more capital-intensive (per worker) than Italian multinationals. 
The results
A direct analysis to study the impact of foreign presence on the level of pollution of the companies operating in Italian territory is carried out by estimating the following two equations: 2 lnE it = α+β 1 FMNE it + β 2 NMNE it + β 3 lnAGE it + β 4 ln(AGE) it + β 5 lnSIZE it + β 6 lnKW it + β 7 lnIMM it + δ it + μ it + ε it (2) 2 lnE it = α + β 1 OWNERSHIP it + β 2 lnAGE it + β 3 ln(AGE) it 2+β 4 lnSIZE it + β 5 lnKW it +β 6 lnIMM it + δ it + μ it +ε it (3)
To this end we have employed two types of environmental indicators: emissions in water and those in air 8 . Both equations are estimated both by OLS and the random effects (REM) 9 . 
Source: authors' calculations
Note: The estimates were made using the White's test for heteroskedasticity *** statistically significant at the 1% level , ** statistically significant at the 5% level , * statistically significant at the 10% level t-statistic in round brackets p-values in square brackets Table 4 shows the estimates of equation (2) in which are included the two dummies (FMNE and NMNE).
For the water quality, the national corporation status has a negative effect on emissions associated with a significance level of 10 per cent (column 2). Column 4 shows, however, that the status of multinational itself produces no effect on air pollution. This result, in line with some previous works (Pargal and Wheeler 1996; Hartman et al. 1997) , suggests the lack of validity of the hypothesis that foreign firms are less polluting than domestic firms.
With regard to firm-specific characteristics, the nonlinearity of the model (in quadratic form), would indicate that younger companies have a better environmental performance. The expected sign of the variable AGE is positive: the more newly established the companies, the lower the level of emissions. The results, contrary to those expected, indicate that the age of the firm is not significant for the level of emissions. This result is, however, consistent with the work of Pargal and Wheeler (1996) and with Eskeland and Harrison (2003) . Specifically, it is supported by Cole et al. (2008) who showed how the age of the firm is a positive determinant if the environmental quality is measured by the consumption of liquid fuel and solids
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. As expected, the variables KW and IMM both 10 The authors estimate the relationship between foreign presence and environmental performance through three indirect measures: a first estimate covers the total energy consumption, while in the other two energy consumption is factored in use of fuels (liquid and solid), and use of electricity.
have a significant and positive coefficient to confirm that the intensity of capital contributes to increase of the emissions. The allocation of assets reduces the level of pollution, as firms with more fixed assets are also more adept at introducing cleaner technologies (columns 2 and 4). As concerns the other firm-specific characteristics, the estimates show that the positive sign of the size variable (SIZE), opposite to what was expected, indicates instead that larger firms are more polluting (column 2 and 4); such a relationship could exist in the case of constant returns to scale, that is, when the emissions are proportional to production. As a result, larger companies, producing larger volumes of output compared to smaller firms, emit high levels of pollutants . Also, the implementation of environmental management systems for the reduction of emissions in an enterprise that consists of the coordination of multiple people, businesses with greater dimensions, is more complex and more expensive (Dasgupta et al. 2000) . 
Source: authors' calculations
Note: The estimates were made using the White's test for heteroskedasticity *** statistically significant at the 1% level , ** statistically significant at the 5% level , * statistically significant at the 10% level t-statistic in round brackets p-values in square brackets
The results presented above are confirmed by the estimates obtained from the specification of the model proposed by equation (3), respectively, for water and for air, where OWNERSHIP is the proprietary nature of the enterprise (Tables 5 and 6 ). This variable classifies companies according to their proprietary nature through three dummies: FMNE, if the firm is foreign-owned, Italian NMNE if the firm has holdings abroad and DO-MESTIC if the firm is not a multinational corporation. In this model, the status of a multinational company has a positive and significant at 10 per cent to pollution in water (Table 5 , column 4), while no effect is observed in the case of the investee companies and the domestic ones (Tables 5 and 6 , columns 2 and 6). As regards the economic variables, the results confirm those obtained with the estimate of equation (2) too: note how the intensity of capital per worker, for the sector of water, is significant at 10 percent, and the positive sign is only for the FMNE (Table 5 , column 2).
Conclusions
The considerable expansion of global flows of FDI occurring in the last two decades has been accompanied by a growing interest about its environmental implications. The empirical literature that has analysed the effect of foreign presence on the environmental performance of firms covered only the developing countries, highlighting how the liberalisation of FDI can help to shift, from the country of origin to the host country, cleaner technologies and environmental management systems often derived from more sophisticated types of national environmental regulation. Taking a cue from this limit, the present work has concerned the mechanism by which passive multinationalisation can support or damage the quality of the environment, analysing the case of a developed country, Italy. Specifically, the pollution halo, the hypothesis that foreign firms, adopting the most advanced technologies and more sustainable production methods, are less polluting than domestic firms, has been tested for a sample of about 437 companies on the Italian territory which, in 2002-2006, issued large amounts of pollutants in water and air. In doing so, the companies were divided in relation to the proprietary nature, in foreign multinationals, domestic multinationals and non-multinational firms. The contribution of this paper is twofold. First, it is the first study that analyses the impact on the environmental quality of the proprietary nature of the companies operating in a developed country. Secondly, through analysis at the firm level, we use a direct measure of environmental quality, such as the level of emissions in the water and in the air.
The empirical analysis showed that the presence of foreign control in firms has no effect on environmental quality in the case of Italy. Significant results are obtained instead for the determinants of environmental indicators within the firm as the intensity factor, the allocation of fixed asset and firm size: the larger companies that use more capital than labour are the most polluting. Conversely, companies with greater assets are the cleanest.
The invalidity of PHalH in the case of a developed country is the main result obtained in this work. However, the analysis shows the proposed limit on the nonidentification of the country of origin and/or destination of FDI; it does not allow distinguishing multinational firms from developed countries to those originating from least developed countries. In fact, the factors associated with the activity of multinationalisation (active and passive) that positively affect the environmental performance of a company concern environmental regulation, which is closely linked to the geographical origin of foreign investment, as well as the size of the company, the intensity of production factors and the scientific and technological knowledge. For this reason, we propose to enrich the present research with future studies, including information regarding the origin of FDI, making it possible to identify those firms that are typically newer, more clean and equipped with the best technologies and environmental management systems, often resulting from more stringent environmental regulation. These companies, which belong to the developed countries and which usually hold significant market shares in the countries of origin, are, in fact, more sensitive to demand coming from green consumers and could use FDI as a vehicle for the dissemination of the best production techniques in the world. 
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